Aim Unclassified salmonids, generally named 'sea trout', have been spotted on occasion in the north Adriatic Sea, although autochthonous salmonids have not been reported in the Mediterranean Sea. On the basis of their phenotype, these fish were regarded as the rainbow trout or salmon-like fish. The aim of the study was to determine the taxonomic status of the 'sea trout' and its origin.
INTRODUCTI ON
The Salmonidae family consists of many salt water tolerant species (Salmo sp., Salvelinus sp., Oncorhynchus sp.). Some of them are obligatory anadromous (majority of salmons), whereas the others [e.g. trout species (Salmo trutta) of the Atlantic drainage] exhibit either sea-run migratory or freshwater residential behaviour (Skala & Naevdal, 1989; Hindar et al., 1991; Northcote, 1992) . This variation in life history is primarily governed by crucial environmental conditions, such as accessibility to sea, its temperature and salinity, although a hereditary component may also be involved (Kottelat, 1997) .
According to Tortonese (1970) , salmonids are unknown in the Mediterranean Sea, most likely because of high salt concentration (38&) and temperature which may rise to over 25°C during the summer.
Nevertheless, few historical data exist, indicating a sporadic occurrence of trout-like fish in the Adriatic Sea, generally referred to as S. cenerinus (Chiereghini, 1818) or Trutta adriatica (Kolombatović, 1890; Ninni, 1912; Ninni, 1930) . However, original descriptions were very vague and could apply to about any salmonid and both names are now questionably valid (Kottelat, 1997) .
Marine fishermen do catch on occasion undefined salmonids in the north Adriatic Sea, generally called 'sea trout'. The catches are very rare, limited to coastal waters and restricted to springtime. These fish have been on the basis of their external appearance (e.g. silvery coloration), considered as a rainbow trout (O. mykiss; Bussani, 1992; Zei, 1996; Bettoso et al., 2000) , sea-trout (S. truta f. trutta, Bettoso et al., 2000) , or a 'salmon-like fish' (Medved S., pers. comm.). These taxonomic assignments have been reasoned by the fact, that at the beginning of the twentieth century many peri-Adriatic tributaries were stocked with non-native Salmo and Oncorhynchus species (Chiappi, 1927; Tortonese, 1935; Gridelli, 1936; Povž, 1995; Povž et al., 1996) . It is believed that they have a potential to migrate into the sea. Besides, in the Adriatic Sea, several attempts have been made to rear some of non-native salmonid species in marine conditions (i.e. O. kisutch, Teskeredžić & Edwards, 1987; O. mykiss, Teskeredžić et al., 1989; O. masou, Teskeredžić & Teskeredžić, 1990) . Rearing experiments were successful and the fish left in cages during the summer survived, showing no significant increase of mortality. These facts along with previously mentioned phenotypic observations indicated that the 'sea trout' may have stemmed from stocked or reared fish of non-native origin. However, classification based only on external features of the 'sea trout' has been due to phenoplasticity, which is characteristic for most salmonids, unreliable and cannot be decisive.
The purpose of this study was taxonomical classification of the 'sea trout', because no systematic investigation has been performed so far to determine its real taxonomic status. Taxonomic classification was performed on the basis of morphological measurements and genetic analysis. Nucleotide sequence of mitochondrial DNA (mtDNA) control region was determined and compared with the GenBank sequence data of the brown trout, rainbow trout and Atlantic salmon for genetic sequence based identification. In addition, taxonomic identification based on nuclear DNA markers was performed, using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis of lactate dehydrogenase (LDH)-C1* gene that enables discrimination between phylogeographical lineages of S. trutta.
MATERIALS AND METHODS
Eleven specimens of the 'sea trout', caught by local fishermen in the coastal waters of the Bay of Piran and Koper (Gulf of Trieste; Fig. 1 ) during the subsequent spring seasons from 1998 to 2002, were collected and analysed. Additionally, fourteen hatchery-reared specimens from a fish-farm (Ente tutela Pesca del Friuli-Venezia Giulia), representing the stock destined for supportive stocking of the Rivers Soča and Tagliamento, were also included in the molecular DNA analysis.
Morphology
Total length, weight and several meristic measurements [number of the dorsal fin rays (D), anal fin rays (A), pelvic fin rays (V), pectoral fin rays (P) and gill rakers (GR)] were performed on eight specimens (Table 1) .
DNA isolation
Total DNA was obtained from fin tissue, according to the protocol for DNA isolation from hair (Bowling et al., 2000) . Fin tissue 1-2 mm 2 was placed in 50 lL of 200 mM NaOH and heated at 97°C for 10 min. The tissue lysis was neutralized using 50 lL of 200 mM HCl and 100 mM TrisHCl, pH 8.5, with thorough mixing.
Amplification and sequencing of mtDNA control region
Polymerase chain reaction amplification of c. 400 bp segment of the 5¢-end of mtDNA control region was performed using primers 28r (5¢-CACCCTTAACTCCC-AAAGCTAAG-3¢), located in tRNA Pro gene and HF (CCTGAAGTAGGAACCAGATG) in central conserved region. A thermal profile with 53°C annealing temperature was used. The amplified fragment of mtDNA was sequenced using primer 28r and BigDye Terminator Ready Reaction Mix (PE Applied Biosystems, Foster city, CA) according to manufacturer's recommendations. The amplified, fluorescently labelled and terminated DNA was precipitated with sodium acetate and ethanol and analysed on the ABI Prism 310 sequencer (PE Applied Biosystems). The computer program ClustalX Multiple sequence Alignment Program, Version 1.8 (Thompson et al., 1997) was used to align DNA sequences. A phylogenetic tree was generated from the aligned sequences using the quartet-puzzling, maximum likelihood procedure in the PUZZLE program, version 5.0 (Strimmer & von Haeseler, 1996) . It was performed under the HKY model of sequence evolution (Hasegawa et al., 1985) . Support values for each internal branch were obtained with the construction of 1000 intermediate trees. For the graphical representations of tree topologies the Treeview program, version 1.6.5 (Page, 1996) was applied.
Amplification, digestion and sequencing of LDH-C1* gene
Polymerase chain reaction amplification of an c. 440 bp long fragment of LDH-C1* gene, comprised of 43 bp of exon 3, 77 bp of exon 4 and intron 3 of variable length, was performed as described elsewhere (McMeel et al., 2001) , using primers LDHxon4R and LDHxon4R.
From 5 to 10 lL of PCR product was digested with BslI restriction enzyme (New England Biolabs Inc., Beverly, MA) in a total volume of 20 lL according to manufacturer's instructions. The resultant fragments were separated by electrophoresis on a 2% agarose gel.
The DNA sequencing was performed as described in previous paragraph, using primer LDHxon4R.
RESULTS

Morphological data
All the 'sea trout' specimens were equally coloured: the back was silvery-grey, becoming lighter and more silvery towards the flanks. The belly was almost white. The dorsal, adipose and caudal fins were grey, whereas the pelvic and anal fins were almost white. The specimens were heavily spotted with irregularly shaped black spots, evenly distributed on the back and flanks both above and below the lateral line, on the gill cover and the dorsal fin. With an exception of one specimen, the adipose fin was spotless. One sample (ID 11997) lacked the pectoral fins. Meristic characteristics are summarized in Table 1 . They exhibited moderate intrasample variability and the results considerably overlapped with data referred to four Salmo species and O. mykiss, showing no distinctive differences between them. Nevertheless, morphological characters of the specimens analysed correspond best with those quoted for S. trutta and S. marmoratus.
Molecular data
Mitochondrial DNA For all the specimens analysed, a 420-bp nucleotide sequence of the 5¢-end of mtDNA control region was determined. Table 1 Morphological data [total length (TL; mm), weight (W; g), number of dorsal fin rays (D), anal fin rays (A), pelvic fin rays (V), pectoral fin rays (P) and gill rakers (GR)] and molecular genetic data of the 'sea trout' specimens, designated with ID numbers. By surveying nucleotide sequences from the samples of the 'sea trout' and specimens, originating from the fish farm, no differences were found between them. A hundred percent nucleotide sequence identity was found between the haplotype of analysed specimens and the haplotype of the brown trout, originating from the Atlantic basin. Nucleotide identity between the 'sea trout' specimens and other phylogeographical lineages of S. trutta (Danubian, Adriatic, Mediterranean and marmoratus) was c. 99%. Phylogenetic relationship between the 'sea trout' and main S. trutta lineages are depicted in Fig. 3 . Alignment of the 'sea trout' DNA sequence with the sequences from the GenBank database revealed 90% and 93% identity between the sequence analysed and appropriate DNA fragments, derived from the Atlantic salmon and the rainbow trout, respectively (Fig. 2) .
LDH-C1* gene
The phylogeographical identity of analysed specimens was determined by PCR-RFLP analysis of LDH-C1* coding region, enabling discrimination between Atlantic (LDH-C1*90) and other phylogeographical lineages of S. trutta (i.e. *100 and *120) allozyme alleles. Among the 'sea trout' specimens, three different genotypes were detected: seven homozygotes indicating allele *90, one (ID 18893) carrying non-Atlantic alleles (*100 or *120), and one heterozygote (ID 11997), carrying *90 and *100 or *120 allele. The hatchery-reared samples were monomorphic for the allele 90, with an exception of one sample exhibiting heterozygous genotype (*90/*100 or *120).
The phylogeographical identity of non-Atlantic lineages was determined according to diagnostic point mutations in the intron 4, which enable discrimination between the Danubian, Adriatic and marmoratus phylogeographical lineages (Snoj, unpublished data) . On the basis of these mutations, non-Atlantic alleles found in the 'sea trout' and hatchery-reared brown trout specimens as well, were recognized as Danubian.
DISCUS SION
On the basis of mtDNA sequence identity, the analysed specimens belong to the S. trutta rather than to either the S. salar or the Oncorhynchus sp. This is clearly demonstrated by the mtDNA nucleotide divergence data, nuclear DNA analysis and supported also by morphological measurements. DNA sequence variation of the 5¢-mtDNA control region among geographically remote brown trout populations has already been studied and revealed five major phylogenetic assemblages (Danubian, Adriatic, Mediterranean, Atlantic and marmoratus), that exhibit diagnostic haplotypes, differing by mean sequence divergence estimates from 0.96 to 1.44% (Bernatchez et al., 1992) . All five groups showed a strong spatial pattern of distribution, significantly reflecting their geographical partitioning, and were proposed to be recognized as the basic evolutionary significant units within S. trutta (Bernatchez, 2001) . On the basis of these facts we demonstrated that the 'sea trout' belong to the Atlantic lineage. In the Adriatic region only marmoratus, Adriatic and Mediterranean phylogenetic lineages of S. trutta are autochthonous (Giuffra et al., 1994; Apostolidis et al., 1997; Snoj et al., 2000) and the appearance of the Atlantic lineage is therefore exclusively the outcome of stocking activities.
Atlantic descent of the 'sea trout' was confirmed also by LDH-C1* gene analysis. The LDH C1* has been, particularly in brown trout, already proven as informative marker at the protein level (Allendorf et al., 1977) and the nucleotide sequence and PCR-RFLP routine screening for differentiation between *90 and other alleles (*100 and *120) has been recently established (McMeel et al., 2001) . The allele *100 is found throughout the brown trout range, allele *90 is naturally restricted to the northwest Europe (Atlantic drainage; Hamilton et al., 1989) and less abundant allele *120 has been so far detected only in marmoratus phylogenetic lineage (Berrebi et al., 2000) . Most of the hatchery stocks in Europe are fixed for *90 allele (McMeel et al., 2001) . The marker for the allele *90 forms a convenient tool for following the presence of brown trout of hatchery origin (the Atlantic lineage), particularly in areas where it does not occur naturally. The result of PCR-RFLP analysis indicated the prevalence of the Atlantic lineage within the 'sea trout', although some introgression of the Da lineage was also detected. This lineage is also allochthonous in the Adriatic river system, where it has been successfully introduced. No aboriginal alleles were detected in the specimens analysed, which indicated non-native, hatchery origin of the 'sea trout'. This view is additionally corroborated by the morphological observation, which revealed an absence of the pectoral fins in one specimen; this anatomical abnormality is often observed among farmed fish, and can be explained as a consequence of their territorial behaviour.
The 'sea trout' may originate from the tributaries of the north Adriatic Sea, from where it might run into the sea upon river swelling. This usually happens in the springtime as a consequence of the snow melt in the mountains. Interestingly, this is as well the season when the brown trout is most frequently observed in the north Adriatic Sea. It is also possible that the sea-run migratory behaviour, characteristic for many brown trout population originating from the Atlantic river basin, may contribute to the migration of S. trutta into the Adriatic Sea. A dispersal would be the most likely explanation for the occurrence of the brown trout in the north Adriatic Sea. Therefore, the north Adriatic 'sea trout' may originate from a hatchery-reared population of the brown trout, migrating to the sea from the Rivers Rižana, Soča or Tagliamento. The population genetic structure of S. trutta from Rižana has been described as very heterogeneous, exhibiting almost one-half of autochthonous (Ma/Ad) markers (Snoj, unpublished data) and therefore probably does not represent the origin of the 'sea trout'. The Rivers Soča and Tagliamento seem to be a more probable source of the 'sea trout'. Both rivers have been massively stocked with brown trout originating from the fish farm (Associazione Troticoltori Trentini; G. Magrini, pers. comm.), rearing brown trout of the Atlantic origin. The result of molecular analysis of the hatchery-reared specimens, destined for the Soča and Tagliamente stocking (performed by Ente tutela Pesca del Friuli-Venezia Giulia fish farm) are consistent with those of the 'sea trout', corroborating its proposed origin.
With the present investigation we tried to explain recent occurrence of the brown trout in the north Adriatic. On the other hand, we failed to explain the occurrence of the 'sea trout', already described in the nineteenth century (Chiereghini, 1818; Kolombatović, 1890) , when fish-farming in the peri-Adriatic region was minimal or null. It could be proposed that the existing 'sea trout' and the historical one do not represent the same lineage.
It can be deduced from our study that translocated allochthonous population can not only interfere with local population but may also invade habitats previously unoccupied with incipient population. Furthermore, it was revealed that it can develop even a new ecotype, representing a biological factor with an unpredictable impact on the newly subsistent habitat.
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